Bearing condition monitoring confronts the most machine users. Diagnostic methods used to include bearing problems represent one of the most important challenges. The scuffing phenomenon initiation of the bearing elements produces an important increase in the vibration level and can be emphasized by the analysis of the bearing friction forces which are the most sensitive indicator of the bearing failure. Commonly used technique for damage detection is the vibration signature analysis that must be carefully utilized in conjunction with the friction torque monitoring through the strain gauges measurements. In order to detect the scuffing onset, the paper presents an experimental setup for the scuffing tests performed on a 7206 ball bearing. A virtual instrument monitoring the friction force respectively the braking torque was created. An accelerometer captures the signal from the bearing outer ring then it is processed using PCI-4451 National Instruments data acquisition board and LabVIEW soft.
Introduction
It is essential in condition monitoring of machine systems to evidence the failure occurrence. Fault detection represents an important process in mechanical systems condition monitoring in order to diagnose the cause of damage when it happens and to take measures to avoid it. Rolling bearings, often considered as critical mechanical components, are inspected for damage detections because the bearings failure in industrial applications may lead to the machinery failure [1] .
Failure gives an alert of its presence through an abnormal noise, an increase in vibration level, temperature or torque. Components that often fail in rolling element bearing are the outer race, the inner race and the ball. The bearing defects generate a series of impact pulses every time a running ball passes over the surfaces of the defects. Each such impulse excites a short transient vibration in the bearing and the mechanical structure at its natural frequencies. These impacts repeat at bearing characteristic frequencies, which are estimated based on the running speed of shaft, the geometry of the bearing, and the location of the defect [2] . Linear superposition and nonlinear effects of additional machine vibrations are resulting in several sideband frequencies. Hence, the frequency spectra become increasingly complex and it is difficult to isolate and diagnose the bearing faults.
Definitely, the bearing defect produces an important increase in the vibration level. Commonly used technique for fault detection is vibration signature analysis. The information gained by vibration analysis enables us to plan a maintenance action [3] . Vibration signature based diagnostics are mainly concerned with the extraction of those features from a diagnostic signal, which can be related to a good or a defective state of the component.
From this point of view, research has been carried out in the last years for the development of various methods for bearing fault detection and diagnosis. These methods can be classified into time domain, frequency domain, time-frequency domain, higher order spectral analysis, neural-network and model based techniques [2] .
The literature categorized the bearing defects into distributed and local defects [1] . The distributed defects include surface roughness, waviness, misaligned races and usually these defects are caused by manufacturing error, improper installation or abrasive wear [2] . Laser Doppler vibrometry has been proposed as an efficient technique to estimate the abnormal irregularities of the surface profile of machine elements [4] . The localized defects include cracks, pits and spall caused by fracture on the rolling surfaces.
The scuffing occurrence of the bearing elements can also be emphasized by vibration analysis. Scuffing is a complex phenomenon of severe adhesive wear generated under particular combinations including contact pressure, lubrication, speed and friction. Scuffing involves the sudden collapse of the lubricant film and is generally regarded as resulting from thermal phenomena. At this temperature, the breakdown film with local welding or adhesion of the contacting surfaces can appear. As result of local adhesion, the friction increases and causes a still higher temperature, and then the process can become catastrophic [5] . A sudden jump of friction force accompanied by the increase of noise and vibration level evidences the bearing scuffing onset.
The paper presents a method to diagnose the scuffing initiation in bearing elements using a virtual instrument. Bearing condition monitoring gives us information about the scuffing onset and the machine can be stopped at an earlier stage of damage. It can be captured the friction force jump then the vibration signal is collected through a data acquisition board by an accelerometer and it is processed with LabVIEW soft. Vibration sensors are used to record various signals from the bearing but these signals cannot be directly used. These signals are often very large in size and noisy and signal processing techniques are then used to derive useful and compact information about the system from these measurements. These information packets are called features and the process is called feature extraction. The features extracted are used to make inferences about the system. Defective bearings would be expected to behave differently from those without defects and features from a bearing with defects will presumably follow a pattern different from the features from a bearing without a defect. Each element of bearing has unique characteristic rotational defect frequency which depends on the kinematics consideration and this frequency can be calculated knowing the geometry of the bearing and its rotational speed. Usually these frequencies lie in the low-frequency range less than 500 Hz. When a certain defect is present on a bearing element, an increase in the vibration levels at this frequency can be noticed. Time domain, frequency domain and recently time-frequency domain computational algorithms are often used to understand this pattern and infer the state of the bearing.
Diagnosis Methodology

Experimental Setup
Scuffing tests were performed on a specific 7206 ball bearing included in an original test rig, as presented in Fig. 2 [6] .
The bearing scuffing risk is deeply correlated to the high sliding speeds on inner race-balls contacts and we realized these conditions through the cage's braking. In the experimental procedure the scuffing limit is reached by the progressively increase of sliding speeds (cage is braked by an electromagnetic brake), other operating conditions (normal load and rolling speed) being kept constant. The evidence of scuffing onset is a sudden increase of friction force, accompanied by noise and vibrations, which stops the machine at an earlier stage of damage process. The speed transducers quantify the braked cage speed and the braking torque, implicitly the force between ball and cage. The test rig also allows measuring the friction torque by means of strain gauges. The condition monitoring method also uses the vibrations as information carrying. Accelerometer mounting is of great importance in utilizing the full range of frequency response of the transducer. The standard 100 mV/g accelerometers are accurate up to 10 kHz but actually provide a signal up to 50 kHz or more. Also, it is important to choose a sampling rate that is at least 2,5 times higher than the highest frequency component of the signal of interest. The placement of the accelerometer should be as close to the bearing as possible so the distance between the fault and transducer does not affect the signal transmission [7] . Data acquisition and transducers signal processing were realized using PCI-4451 National Instruments data acquisition device and LabVIEW soft. This virtual instrument emits luminous and acoustic warnings for an overcome voltage which means a sudden friction increase. The friction torque registered in this case was really high (around 1 N⋅m) and the noise and vibrations level significantly increases. Fig. 4 presents some experimental results regarding the friction torques evolution related to the race -ball contact loads F and S c cage's braking. These recorded friction torques values are considered with scuffing risk (S c = 32% for F = 750 N and S c = 15 % for F = 1150 N) according to the theoretical estimation of the bearing failure [6] .
The spectrum analysis of vibration signals provided by the accelerometer highlights the damage signature. One of the most used methods is through the Hilbert transformation, a mathematical variation to the Fast Fourier Transform (FFT) which demodulates the vibration signal and extracts the high frequency, low amplitude data of interest. The frequency of the low-pass filter is determined by the maximum frequency of the power spectrum. Finally, amplitudes at the failure frequency and many harmonics are displayed if they exist. Fig. 5 presents the envelope spectrum for the two situations: bearing without defects, Fig.5 .a) and a race-ball scuffed bearing, Fig.5.b ). 
Conclusion
Scuffing tests were performed on a specific 7206 ball bearing included in an original test rig. The bearing scuffing risk is deeply correlated to the high sliding speeds on inner race-balls contacts and we realized these conditions through the cage's braking. The evidence of scuffing onset is a sudden increase of friction force, accompanied by noise and vibrations, which stops the machine at an earlier stage of damage process. The condition monitoring method also uses the vibrations as information carrying. A virtual instrument is created with LabVIEW soft in order to control the signals captured by the sensors, to monitor the bearing friction force respectively the braking torque and analyze them in time, amplitude and frequency domains. The recorded friction torques values are considered with scuffing risk according to the theoretical estimation of the bearing failure. At the same, it is possible to properly construct an envelope vibrations signal for effective use in early bearing fault detection of rolling element bearing. Corroboration between all these diagnostic methods gives us a complete view of the failure initiation in order to obtain accurate results.
